INTRODUCTION

Statistical methods
We used indirect standardisation to compare the observed number of primary joint 121 replacements, for any indication, to the expected numbers in each ethnic group, using the 122 total age and gender specific risks of a procedure applied to the same ethnic specific 123 population strata as reported in the 2011 Census data. 19 We explored possible differences in 124 the clinical indications for having a primary joint replacement amongst ethnic groups using χ 2 125 tests of association. 126 Subsequent analyses were restricted to the sub-set of patients with osteoarthritis as the 127 indication for the primary procedure. We used χ 2 tests to compare differences in categorical 128 variables by ethnicity and in some cases stratified by gender. Where the data suggested 129 possible interactions, we used log-linear models assuming a Poisson distribution to test for 130 this by comparing any improvement in goodness of fit of the models from likelihood ratio 131 tests with and without these terms. 132 We ran both univariable and multivariable logistic regression models to mutually adjust for 133 covariates. Model A simply examined ethnicity alone; model B adjusted for age-group, 134 gender, ASA grade and area deprivation quintile as patient related confounders; model C 135 adjusted for routine surgical behaviour unrelated to patient factors, by adjusting for what 136 proportion of all hip replacements are done using uncemented prostheses at that trust. We 137 took into account the clustering of procedures within a trust by using robust standard errors. 138 We used Wald tests to determine the overall significance of additional terms added to a 139 proposed model compared to the model without them. We undertook two further sensitivity 140 analyses by comparing the results for model C with and without adjustment for pre-operative 141 functional limitations using EQ-5D-3L mobility item (data available on about 30% of 142 patients) and BMI (data available on about 45% of patients).
143
RESULTS
144
The total number of eligible NJR records available for all primary diagnoses for the period (INSERT TABLE 4 
HERE)
We explored the possible reasons why Blacks were more likely to receive an uncemented hip 182 prosthesis by testing different models (table 5) .
183
(INSERT TABLE 5 HERE) 184
With regard to the odds of receiving an uncemented prosthesis, after adjustment for 185 demographic variables and ASA grade, the elevated odds ratio for Asians (1·60) was 186 markedly attenuated (1·21, 95% CI 0·90-1·63) and consistent with chance, whilst the odds 187 ratio for Black patients remains elevated (1·86, 95% CI 1·30-2·66), albeit weaker. Further 188 adjustment for surgical behaviour at trust level further attenuated the associations, but there 189 still remained a 43% relative elevated odds (95% CI 1·11-1·84). Our sensitivity analyses 190 showed that the odds ratios for Blacks and Asians of receiving an uncemented prosthesis for 191 model C hardly changed after the addition of the EQ-5D-3L mobility item and BMI (odds 192 ratio remained at 1·32 for Blacks and 1·12 for Asians) although in this smaller sub-set of the 193 data (n=44,001) the 95% confidence intervals for these included the null value so could have 194 occurred by chance (see table 6 ). Inequalities in the rates of joint replacement between ethnic groups have been described in 213 the USA, Canada, Australia, and the UK. 2, 7, 20, 21 It has also been observed that people in the 214 most deprived socio-economic groups are less likely to receive a joint replacement. 2, 21, 22 This 215 is the first large-scale study to confirm that in the UK, as in other countries, ethnic minorities 216 are less likely to receive hip or knee joint replacements than the White majority. Unlike in the 217 USA, health care in the UK is universal, so that the challenges faced by many US-based 218 studies with respect to health insurance coverage would not affect these results, yet the for OA are age, obesity, and joint injury. Some differences in osteoarthritis prevalence in 232 ethnic groups have been observed but rates in US Black and White people are broadly 233 similar. 7, 23, 24 It seems unlikely that ethnic differences in the prevalence of osteoarthritis 234 account for all of the large difference in the rates of joint replacement we have observed. It is 235 interesting to note the large gender differences in rates of knee replacement amongst the non-
236
White groups with males much less likely to undergo joint replacement than females. This 237 observation requires further investigation and may reflect ethnic and gender differences in 238 delay in presentation or willingness to undergo surgery. 239 The findings surrounding the use of prosthesis and fixation type in different ethnic groups are 240 intriguing. We were surprised by the higher use of uncemented hip prostheses amongst the 241 Black and Asian groups compared with Whites and decided to investigate why that might be 242 by use of models that factored demographic, surgical and trust related variables. We showed 243 that the hospital in which people are operated on is a major determinant of the differences in 244 hip replacement fixation method, as large, urban hospitals that serve a greater proportion of these ethnic minorities tend to use a greater number of uncemented hip prostheses, though 246 this is did not fully explain the differences for Black patients.
247
Similarly it is interesting to note that Black patients, when they present for surgery, are less 248 likely to receive unicondylar or patellofemoral knee replacements.
249
The major strength of this analysis is the very large dataset available as the NJR is the largest 250 joint replacement registry in the world. However, there are several important limitations.
251
There is some misclassification of ethnicity, and ethnicity was missing from about 12% of 252 records which may have biased the results, though in general missing data is more a trust-253 level rather than patient characteristic. 25 As mentioned above we have no data on clinical 254 need so our observation of lower rates of joint replacement amongst ethnic minorities 255 compared to White patients' needs to be treated with caution until we better understand the 256 epidemiology of osteoarthritis in ethnic minorities in England.
257
In conclusion, we have shown that there are large differences in the utilisation of total hip and 258 knee joint replacement in different ethnic groups in England, and in the types of prosthesis 259 and fixation used. There are also marked gender differences within non-White groups of 260 utilisation of knee replacement. We believe that this is probably explained by a combination Table 2 Clinical indications for hip and knee primary replacement patients by ethnic group Table 3 Patient characteristics at time of first primary hip and knee joint surgery, broken down by ethnic group and gender, for patients with a primary diagnosis of osteoarthritis only Table 4 Prosthesis fixation method for osteoarthritis first hip and knee replacement patients stratified by age-group, gender and ethnic group * Table 5 Odds ratios for receiving an uncemented hip replacement by ethnic group adjusting for patient and trust related covariates (n=224,561) Table 6 Logistic regression Models A-E with restricted sample size for BMI subset (n= 44,001) 
